Venture investing plays an important role in entrepreneurship not only because financial resources are important to new ventures, but also because early investors help shape the ventures' managerial and strategic destiny. In this study of 121 angel investors who had made 1038 new venture investments, we empirically investigate angel investors' differential use of predictive versus non-predictive control strategies. We show how the use of these strategies affects the outcomes of angel investors. Results show that angels who emphasize prediction make significantly larger venture investments, while those who emphasize nonpredictive control experience a reduction in investment failures without a reduction in their number of successes.
We characterize the strategic decision-making approaches of angels along two separate dimensions: strategies that emphasize prediction and strategies that emphasize non-predictive control (Wiltbank et al., 2006) . We assume that human beings desire control over outcomes, i.e. that we seek systematic ways to reach favorable outcomes. Prediction can play a central role in this process: if we can predict the future we may be able to position ourselves to succeed. Predictive strategies include market research using formal tools such as surveys, detailed financial models leading to careful calculations of risk-adjusted expected return, etc., and are very familiar to virtually anyone involved in writing business plans. Using prediction to obtain control over future outcomes assumes a logic that suggests: To the extent you can predict the future you can control your outcomes.
However, high uncertainty may reduce the accuracy and usefulness of prediction, requiring alternative approaches to support our desires to have some control over achieving favorable outcomes (Knight, 1921) . One such concept, the logic of non-predictive control, suggests that to the extent you can control the future you do not need to predict (Sarasvathy, 2001a) . In highly uncertain situations, an emphasis on non-predictive control may present effective alternatives to prediction-based approaches.
But what does it mean to emphasize control in this fashion? An in-depth study of expert entrepreneurs sheds light on this question. Founders of large and enduring firms who had accumulated over 15 years of experience over multiple ventures in a variety of different industries used an internally consistent set of practical principles that together are named effectual logic (Sarasvathy, 2001a) . Effectual logic inverts predictive rationality in several ways. Actors begin with who they are, what they know and whom they know, rather than with a predetermined vision or externally validated "opportunity." They then imagine a series of viable and valuable courses of action that they can implement using only what they can afford to lose. This means that they do not evaluate opportunities based on expected return in order to determine venture goals. Nor do they stubbornly hold too closely to preconceived goals as a way to determine which stakeholders to pursue or which resource-owners to chase. Instead they work with any and all interested people -usually starting very close to home, inside their immediate social network -and work outward to expand the stakeholder network through a process of self-selection. In other words, those who commit something valuable to come on board help determine what the venture will do next; predetermined venture goals do not drive partner selection. Throughout the process, entrepreneurs and their stakeholders seek to go beyond predicting and adapting to the environments in which they operate -into transforming and re-shaping them, often in surprising new ways. People using this effectual logic are working on things within their control, working to expand the zone of things they can materially control, obviating the need to predict the future -at least in the early stages of building the new venture.
As a baseline for evaluating the role of prediction and control, we include critical variables from the existing venture capital and angel investing literature that might affect angel investor outcomes. We take into account the experience of the investors, the stage of the ventures at the time of investment, due diligence efforts, how they find ventures, and the extent of participation after an investment is made. This context ensures that our evaluation of prediction and control adds to our existing understanding of the phenomena.
We expect differences in the use of prediction and control by the angel investors in our sample to have important effects on how they select and direct the development of the ventures in which they invest. Size of angel investments will likely relate to their use of prediction and control, with control-based angel investors making smaller investments as they employ affordable loss strategies (H1), while those emphasizing prediction tend to make larger investments as they justify investment decisions based on predicted large and growing markets for the venture (H2). Additionally, we hypothesize that angel investors who emphasize control will experience fewer investment failures due to their cooperation with partners, use of affordable loss, and flexibility (H3). Angel investors who emphasize predictive approaches are likely to experience more failures given the difficulty of prediction in early stage ventures (H4), but they are also likely to experience more "homerun" returns when early predictions turn out to be correct (H5).
Our data cover 121 investors, who made 1038 new venture investments and had 414 exits from those investments. The bulk of the data relate to investments over the past 10 years (90% of the sample), with the oldest investment reported in 1985. The process, response rate, and descriptive statistics are comparable to earlier research on other angel investors (Mason and Harrison, 2002) . Investors reported the IRR for each of their exits by category, i.e. between 1% and 25%, which allows for some margin of error in the details of IRR calculations, but still allows us to evaluate the distribution of each investor's returns. Homerun exits are those where investments achieved greater than 100% IRR; 20% of all exits were in this category. Negative exits are the number of investments where the investor achieved a negative IRR; 64% of all exits were in this category.
Findings show that emphasizing control strategies is significantly related to experiencing fewer negative exits, and that investors who emphasize prediction make significantly larger investments, but do not experience more homeruns. We found that angel investors who performed more due diligence experienced significantly more homeruns, and significantly more negative exits (thus fewer moderate exits). Also, angel investors who participated more with their ventures, post-investment, experienced fewer negative exits. Surprisingly, we found that investors who concentrated on very early stage opportunities experienced fewer negative exits. These results raise important considerations about the use of prediction and control as decision tools in highly uncertain settings. Understanding the differential use of these strategic approaches may be relevant not only to angel investors but also to venture capitalists, corporate entrepreneurs, and managers making decisions in very uncertain situations.
Introduction
The term "angel investor" typically describes a wealthy individual who acts as an informal venture capitalist, placing his or her own money directly into early stage new ventures. In relation to formal venture capitalists in the United States, angels invest in approximately 20 times the number of new ventures. In the category of the youngest "seed-stage" investments in the U.S., angels invested over $6 billion in 2004, compared to only $346 million from venture capitalists (Sohl, 2005; . In addition to their financial role in new venture development, angels also play a significant role in the strategic decision-making of these ventures. Their influence stems both from the authority associated with formal participation on the firm's board of directors as well as from their knowledge and expertise. Angels typically have substantial entrepreneurial experience of their own 4 and act as a "sounding board" for the entrepreneur/s managing the venture day to day (Pfeffer, 1993; Van Osnabrugge, 1998; Amis and Stevenson, 2001) .
While their role is significant, far fewer studies investigate angel investing and performance as compared to work with formal VCs. This is particularly surprising for two reasons. First, angel investing provides a rather special opportunity to study investment decision-making under extreme uncertainty owing to the very early stage focus of angel investing. Second, from an empirical perspective angel investing is a substantially more important factor in early stage ventures than venture capital (c.f. the 16:1 investment ratio above).
In this paper, we exploit the intersection of these two research opportunities -namely, (a) the gap in our understanding of the phenomenon of angel investing given its importance to the entrepreneurial creation of new ventures, and (b) the unique setting that angel investing provides for furthering our understanding of strategizing under uncertainty -to explore the relationship between alternate strategies and venture investing performance. In particular, we develop a research instrument that operationalizes key elements of Wiltbank et al.'s (2006) exposition of nonpredictive strategy, which we then apply to the development and testing of specific hypotheses about private equity investing.
Wiltbank et al.'s central argument consisted of positing strategies that emphasize prediction as separate and distinct from strategies that emphasize control. Broadly speaking, prediction refers to efforts that position the venture for success based on expectations/forecasts for the development of important market elements. This can include modeling event spaces, estimating probabilities and consequences, and forming sophisticated portfolio strategies with multiple options. Control, on the other hand, refers to efforts toward directly creating new market elements by transforming existing ones. This can include innovating new product forms and functions, influencing customer preferences, and creating market structures (i.e. channels, technical standards, common practices). In practice, entrepreneurs and their investors can and often do use both sets of strategies. However, as scholars have strongly argued in the past, it makes a real difference in terms of actual consequences, what the dominant driver of strategy formation is (Mintzberg and Waters, 1985; March, 2006; Shapira, 1995; Sarasvathy, 2001a; Wiltbank et al., 2006) . Therefore, the research instrument used in this study is designed to separately measure one's emphasis along these two distinct and theoretically important dimensions.
We hope to contribute to several key streams of thought in the fields of strategy making under uncertainty. Besides helping to fill a gap in our understanding of private equity related to angel investing and developing testable measures of Wiltbank et al.'s theoretical model, the results of the study build links to recent work involving effectuation and decision-making strategies. Current work in effectuation has been limited to showing the existence and use of effectual logic in expert decision-making as opposed to novices (Dew et al., 2007) . This work moves into new territory constructing an empirical operationalization of effectual (i.e. non-predictive) control and testing its relationship to outcomes in a new setting. We discuss these contributions and their implications for practice and pedagogy in more detail at the end of the paper. For now, we begin with a discussion of relationships between prediction, control and angel investing in order to develop specific hypotheses, following which we describe the design, analysis and results of our empirical efforts.
Decision-making in uncertainty
Literature on decision-making under uncertainty has identified many techniques based on estimation and analysis to develop accurate predictions of the future and of the expected values of future outcomes (Raiffa, 1970) . Scholarship in this area has also identified methods to deal with ambiguous situations when the probabilities are not or cannot be precisely known (Kogut and Kulatilaka, 2001; Schoemaker, 1993; Bergh and Lawless, 1998; Einhorn et al., 1986) . In management scholarship, control over outcomes is commonly seen as a primary reason for investing in technologies of prediction. The field of strategic management, for example, grew from observations about how managers sought to control an organization in ways favorable to their organization and its owners (Ansoff, 1979; Chandler, 1962) . The hope in this process is that control over outcomes can derive from predicting the organization's environment and positioning the organization to succeed in the predicted future state. Organizations regularly make predictions around the evolving strengths and weaknesses of competing firms, paths of market development, and factors affecting the supply of resources, among dozens of other factors.
However, prediction is not the only way to achieve control over outcomes. Drawing upon numerous variables in studies scattered over several decades, Goodie (2003: 598) defines control as follows:
…the characteristic of probability alterability. That is, if a participant could take steps to favorably alter the success rate in subsequent administrations of the task (not in the current administration), then the task is said to be characterized by control.
Thus, control may involve seeking favorable outcomes by altering probabilities in event spaces and by actions that construct entirely new event spaces. Knight (1921) conceptualized the emergence of new event spaces as a fundamental ingredient in decision-making under uncertainty. Knight identified three types of uncertainty -the first consisting of known distributions and unknown draws, the second consisting of unknown distributions and unknown draws, and the third consisting of non-existent distributions where the very instances are unclassifiable (subsequently known as true uncertainty). Knight's first two categories of uncertainty parallel classical and statistical probability (the domain of predictive decision technologies); the third type of uncertainty might instead be conceptualized as a product of purposeful human creative action (Buchanan and Vanberg, 1991; Lewontin, 1992; Joas, 1996) involving techniques of non-predictive control (Sarasvathy, 2001a) . These ideas suggest that the appropriate decision technology depends on the nature of the decision problem the agent faces. For example, in environments characterized by high complexity and uncertainty, prediction becomes more difficult and decision makers may be better off pursuing favorable outcomes using decision technologies that minimize their dependence on prediction (March, 2006; Axelrod and Cohen, 1999) . The "logic of non-predictive control" came from a study of expert entrepreneurs that found that they avoided the use of prediction in dealing with the uncertainties involved in building new ventures (Sarasvathy, 2001b) .
Rather than focusing on prediction, these experts employed an internally consistent set of heuristic principles, collectively labeled effectual logic, which involve a more direct effort to control and influence how uncertainty is resolved. These principles make the concept of non-predictive control actionable: a means focus, affordable loss investing, pre-committed partners, and leveraging surprise (Sarasvathy, 2001a) . In traditional decision-making theories, goals are the primary focus and the challenge lies in identifying and collecting the means needed to achieve those goals. In effectuation, the guiding focus is primarily on available means (who I am, whom I know, and what I know) rather than on pre-set goals. Attention then centers on creating and choosing among the possible effects that those means can create in the world. Spending money in these situations is hard to justify using predictions of future value and maximizing returns. Instead, the principle of affordable loss guides expenditures, where the desire is to keep expenses as low as possible as you create a market, ideally $0. The market is then co-created with each stakeholder investing only what he or she can afford to lose. By focusing on affordable loss, the decision maker keeps control over risk and must stay closely connected to market participants.
Working with others to co-create opportunities is an additional aspect of effectuation related to the logic of nonpredictive control. Pre-committed partners play an essential role because they expand the means of the effort, and actually create a market specific to the opportunity that develops over time. From an effectual perspective, these partners self-select into the venture with commitments to create something, rather than being pursued as predetermined customers in a race against preconceived competitors (Sarasvathy and Dew, 2005) . A practical example of an effectual choice might involve choosing to work with a customer because they will fund half of the capital expenditures, even though a different potential customer might be expected to provide a larger long-term opportunity, but will not commit to anything upfront. In all of these efforts, surprise is not only a regular part of the process, as it is in any situation of high uncertainty, but is also to be welcomed and creatively used as a resource in transforming the event space. This flexibility enables the decision maker to work with any and all partners who are willing to pre-commit, and to embrace strategies that are affordable rather than optimal. Options and strategies are likely to converge over time as the venture develops and uncertainty is resolved. The point of convergence, however, will likely be different from the end point reached through a more predictive approach.
Prediction versus control in angel investing
The uncertainty in angel investing makes it a useful setting for evaluating the impact of prediction and control decision strategies on angel investing performance. Owners of new ventures face substantial uncertainty surrounding technology, organizational design, target customers, customer preferences, marketing channels, competitive strategies, and employee recruitment (Boeker and Wiltbank, 2005; Thornhill and Amit, 2003; Shepherd et al., 2000; Baum et al., 2000) . Angels are regularly the first source of outside equity into a new venture, and their approach to dealing with uncertainty can have a material impact on the direction of those ventures. Angel investors commonly invest their own money, typically $25,000 to $500,000, directly into an individual venture, while $1 million is a small investment for a formal venture capital firm (Gompers and Lerner, 1999; Amis and Stevenson, 2001) .
Given that angels invest earlier in new ventures and are often themselves successful ex-entrepreneurs, they are likely to have experience in using non-predictive control strategies as entrepreneurs (c.f. footnote 1; Dew et al., 2007) . Their differences in the use of prediction and control can impact both the selection of entrepreneurs and ventures in which to invest, as well as the content of their advice and execution of those ventures over time as they deal with uncertainty. For example, in the selection of new ventures, angels may separate them into those that appear capable of shaping niche markets (whose prospects for fast growth are less clear), and those that attempt to compete in large fast-growing markets (without the ability to control key elements of that market). When angel investors emphasize opportunities of the first type, it suggests that a focus on control is an important aspect of how they deal with uncertainty, while a preference for the second type of opportunity suggests a focus on prediction.
As argued by Sarasvathy (2001a) the principles of effectuation are rooted within this logic of non-predictive control. The individual effectual principles such as means-driven decisions and affordable loss cohere with each other in the new venture's attempts to control how key market elements develop over time. In particular, through making affordable rather than optimal expenditures, control approaches tend to minimize potential losses per stakeholder, and encourage the entrepreneurs leading the venture to reach positive cash flow more quickly rather than investing "to plan." The effectual commitment to means rather than goals suggests that a control-based angel investor evaluates a venture in light of its current means and capabilities; thus, the actual market size need only be sufficient to reach the minimum required return of the investors. A priori estimates of huge markets with a potential for blockbuster returns are not necessary to justify investment.
Differences in the strategic orientation of angel investors ought to be manifest in the way in which they invest. One way we expect to see these differences is in relation to the magnitude of the investments an angel investor will make. Angel investors emphasizing control invest with failure in mind, using the effectual principle of affordable loss rather than expected values (based on predictions) as the basis for making investment decisions. Affordable loss focuses on getting to market quickly and cheaply based on the means at hand. These investors tend to over-weight the benefits of low upfront investments relative to potential inefficiencies this may create later in the development of the venture. Even while investment may increase over time, the overall size of investment will likely be lower for control-based investors.
Hypothesis 1. Angel investors with a greater emphasis on control will make smaller venture investments than angel investors with a low emphasis on control.
Decision makers emphasizing prediction tend to work toward larger high-growth markets where the necessary potential exists for the venture to capture some share of the forecasted markets. Prediction-based angel investors encourage a venture to gather the necessary resources to position it for leadership within that predicted market, usually based on investments in market research and careful planning aimed at maximizing expected return. This predictive information informs the selection of goals for positioning, which in turn guides the accumulation of means necessary to execute those goals.
As a result, a predictive emphasis is likely to lead to bigger bets on forecasts for market potential and profits. Additionally, research suggests that investors may be more prone to escalation of commitment when those predicted payoffs are large (Ryan, 1995) . The combination of increasing the magnitude of investments and increasing the likelihood of escalation of commitment means that investors focused on prediction are likely to make systematically larger investments than investors that do not emphasize prediction.
Hypothesis 2. Angel investors with a greater emphasis on prediction will make larger venture investments than angel investors with a low emphasis on prediction.
For the implications of prediction and control on performance, two definitions are useful to start with. We define "investment failure" as an exit (including the closure of the venture) where the angel investor experiences a negative return on investment. "Investment homeruns" are exits where the investor receives an IRR on their invested capital of over 100%. By looking at the end points of the outcome distribution, failure and homerun, we are able to evaluate the differential effects of prediction and control on these separate positive or negative events, rather than simply aggregating the detailed information together in an overall "performance" type measure.
As argued in our discussions of effectuation earlier, we expect investors who emphasize control to make smaller investments, encourage the venture to reach breakeven more quickly, and emphasize the use of partners for resources and direction in guiding the venture forward. Angel investors emphasizing control seem likely, therefore, to reduce the occurrence of investment failures.
These investors focus on using current means effectively, versus leveraging the venture to acquire new means in pursuit of their initial goals. In doing so, the investors ensure that the venture is in a less precarious position when negative surprises occur, and remain flexible to positive surprises because they are not over-committed to their initial goals. Focusing on existing means and smaller capital investments through affordable loss forces the venture to work with other stakeholders to create something that both parties value early in the process. At this early stage adjusting goals to cooperate with partners is most feasible. The guidance provided by partners and customers and the flexibility to pursue changing goals can enable the venture to refine its value proposition and competitive position in ways that were unpredictable at the point the angel initially invested and that are directly connected to their actual market. Additional resources flow to the venture, and more players become interested in the survival of the venture.
The combination of starting with means and co-creating goals with committed stakeholders enables control-based decision makers to shape the business to address real rather than predicted opportunities. Simultaneously, focusing on small investments that reach positive cash flow avoids 'betting' the venture on predictions of the future. While using this control-based approach may underutilize predictions that could have turned out to be correct, it also minimizes the risk of catastrophic failure of a venture built on predictions that turn out to be wrong. Hence, Hypothesis 3. Angel investors with a greater emphasis on control will experience fewer investment failures relative to angel investors with a low emphasis on control.
We expect a different impact on outcomes for angel investors emphasizing prediction as they deal with the uncertainty they face. The pitfalls of predictive strategies in uncertain situations have been argued in a variety of work (Wiltbank et al., 2006; Denrell and March, 2001; Mintzberg and Waters, 1985) . In the angel investing context, forecasting early stage venture outcomes is particularly challenging given multiple sources of uncertainty (Anderson and Tushman, 2001) . Investors focused on positioning their ventures toward specific forecasts increase their dependence on accurate predictions of a variety of unpredictable variables, such as preferred channels, competitive offerings, cost curves, customer adoption rates, and so on. As predictive investors make investments justified by their predictions, overheads and expenses consume resources and lock the venture into existing plans. When surprises occur, those early investments raise the bar of survival for the venture. While there may be some advantages to this approach (as we will discuss in the lead-up to Hypothesis 5), we expect that angel investors who select and develop ventures based in a predictive logic will experience more investment failures as those predictions often turn out to be significantly off target.
Hypothesis 4. Angel investors with a greater emphasis on prediction will experience more investment failures relative to angel investors with a low emphasis on prediction.
While we expect investment failure to be more frequent for angel investors emphasizing prediction in such an uncertain setting, these same investors may experience extreme success in those rare cases when their predictive strategies turn out to be correct. If the venture is strategically positioned around correct predictions, it may have advantages such as the ability to preemptively acquire complementary resources at favorable prices (i.e. skilled employees, key locations and customer relationships). Additionally, investments in capacity and overhead can generate cost advantages in production. The venture can also more carefully position to create optimal exit opportunities for the angel investors, such as being positioned as an attractive acquisition target for larger firms or for an initial public offering early on in the development of the industry. These factors may greatly enhance the possibilities for predictivebased angel investors to earn very large returns, to "hit a homerun."
Hypothesis 5. Angel investors with a greater emphasis on prediction will experience more homeruns relative to angel investors with a low emphasis on prediction.
The effect of emphasizing control on angel investors' magnitude of success is less clear. On the one hand, control efforts may limit their ability to achieve homeruns because they may tend to underinvest in opportunities by focusing on current means, risk reduction, and cooperation. Their next steps are anchored around what can be done to influence the future of the venture, rather than exclusively on what should be done to maximize predicted returns. On the other hand, emphasizing control may increase the incidence of homeruns by creating new market elements, which, when successful, can result in market leadership positions rather than incremental opportunities in existing market spaces. Some research suggests that market leadership and the creation of high levels of market value are connected (Tellis and Golder, 2002; Collins and Porras, 1994) . On balance, there is not a definitive relationship between control and homeruns that can support a clear hypothesis.
In total, when investors follow prediction-based strategies, their investment performance in the given venture depends heavily on the accuracy of their predictions. However, when investors follows control-based strategies, their investment grows only as a function of survival, and they may underinvest in any given opportunity. When an investor brings on a variety of committed partners that co-create a market with the new venture, rather than leveraging financial muscle and predictive insight, it plays a key role in the outcomes. This suggests that a control oriented investor may miss "homeruns" -i.e. ventures in markets with explosive growth and high rates of return that require larger amounts of financing very fast. However, the control-based process keeps the bar for survival significantly lower, where an external shock or limited options for exit from the investment do not necessarily lead to investment failure.
Methods

Data and sample
Over the two years of this study, the authors made countless phone calls and attended 12 conferences to develop relationships with directors of angel groups, and through their efforts have created a private nationwide sample of 600 angel investors. The data in this study cover the activities of 121 angel investors reporting on 1038 new venture investments and 414 exits from those investments. The bulk of these data relate to investments over the past 10 years (90% of the sample), with the oldest investment reported in 1985.
The process of study followed well-established protocols for survey research (Dillman, 2000) . Initially, discussion and learning formed the survey, which was then fine-tuned through feedback from pilot testing and then used in largescale data collection across the United States. Initial surveys were developed and discussed with angel investors from a local investment group, ensuring that the questions and method of response allowed them to report their experiences accurately. Data collection was then scaled up and expanded geographically.
The majority of the sample (75%) was reached in cooperation with 12 angel investor groups in 9 different U.S. states. The states represent areas where groups were committed to participating, and areas where angel investing is active. California represented 20% of the sample, followed by Georgia and Washington at 10% each. Contact was made through the endorsement and involvement of group directors, who handled communication with members, keeping contact information strictly private. Initially, an e-mail invitation to participate in the study was passed from the director to the members, followed by a hardcopy of the invitation and survey approximately 2 weeks later, and then followed by an e-mail from the director asking for additional participation about 2 weeks after that. Participation was voluntary, and the information was gathered from the perspective of the individual, not the group, focusing on individual angel investors' history of new venture investing. Their responses were sent directly from the respondents to us, such that no members of the group, including the director, could see private details of the angel investors.
The remainder of the sample (25%) was reached through a survey to 150 members of an online investment network named NVST, a national forum connecting investors and entrepreneurs. These 150 members are active and accredited private equity investors. We contacted these individuals through the NVST network 4 times. The separate sources help reduce selection biases, and there are no significant differences between the different sources of respondents on any of the variables, except that non-group affiliated investors found more of their deals through personal sources (p = 0.05).
The number of respondents to the survey from both sources was 136, giving an overall response rate of 23%. Fifteen of these responses were incomplete, taking the sample size of the models and results to 121 angel investors. While a higher percentage is of course desirable, this is on par with prior work investigating venture capital investors (Gifford, 1997; Sapienza and Gupta, 1994; Ruhnka et al., 1992) , and strong when compared with venture capital studies regarding valuation and financial performance data where response rates can drop below 5% (Hellmann and Puri, 2002) .
One of the concerns going into the study was self-selection bias, i.e. that investors might only respond if they had been successful overall, and/or only report their positive returns. To check for this possible bias we compared our sample on several measures with other samples used in venture investing and found it to be consistent. Investors report the majority of their investments as losses (64% of their investments) while 20% of investments were very successful. The remaining 16% fall into smaller positive returns. This is in line with existing performance data from venture capital investing and suggests significantly more failure than found in a sample of UK angel investors (Mason and Harrison, 2002; Murray, 1999) . Additionally, the stage and age emphases are comparable to case-study work with angel investors: 73% of the investments were made at the seed and startup stage and 75% of the ventures were less than 2 years old (Prowse, 1998) . Finally, the angels in our sample reported the portion of deals found through personal friends (51% of their investments) and the average dollar size of their investments ($210K/deal). These were comparable to earlier casestudy/interview work done with angel investors (Amis and Stevenson, 2001; Freear et al., 1995) .
Two additional points speak to the representativeness of the sample. First, angel investing tends to be highly local and personal, and our sample reflects this variation, having been gathered across different states. Second, in follow-up conversations with many of the directors of these groups, the data described above falls within their experience and knowledge of member practices with the group.
Instrument
To measure the dimensions of prediction and control, we created a multi-item survey, built around an entrepreneurial scenario, in a fashion similar to Baum and Wally (2003) and Fredrickson and Mitchell (1984) . We were specifically interested in the way angel investors used prediction and control in their development of new ventures, rather than in their overall investment portfolio strategies or other financing specific concepts; thus the instrument is designed from that perspective.
The scenario briefly describes a venture idea based on an innovative computer program and then presents a set of questions characterizing what the subject would do next to develop that opportunity. This is followed by 7 questions, with 2 response items per question. Respondents rated their agreement or disagreement with each item on a 7-point Likert scale. The scenario and items are detailed in Appendix A. Below is an example of a question and the items to which it is connected.
If you were to look at predictions for where potential markets are heading you would:
A. Use them to create forecasts of what your business might accomplish over time. B. Discount them as they do not incorporate the impact of your innovation.
These items were the result of 4 iterations of the instrument that had been pre-tested with 200 entrepreneurs and angel investors. Special attention was paid to make each item a viable and attractive response to the question. Confirmatory factor analysis showed that the set of responses worked together statistically, and exploratory factor analysis showed that the control items did not load with the prediction items, suggesting that they effectively cover independent concepts. The set of prediction items resulted in Cronbach's Alpha score of 0.68, outlining prediction with the following approach to developing the opportunity:
Study expert predictions of where the market is "heading" as you assemble information. Develop a marketing approach by researching the competitors' approaches. Manage product development by comparing your progress against the development of competitors. Use predictions to create forecasts of what your business might accomplish over time. Base strategy on relevant forecasts and analyses. Form updated predictions of likely outcomes for the business as you learn of the expectations of others.
The control items resulted in Cronbach's Alpha of 0.70 from these items:
Talk with people you know to enlist their support in making this opportunity a reality. Imagine possible courses of action based on your prior experience to develop a marketing approach. You move forward because your expertise allows you to influence the uncertainty of this situation. You move forward through uncertainty because your actions can create a future you value. Manage product development by creating new solutions on your own terms; competitors have to keep up. Discount predictions of potential markets as they do not incorporate the impact of your innovation.
Base strategy on what you are capable of, given the means available to you. Imagine ways your venture will change aspects of the situation others are forecasting for the industry.
The dimensions of prediction and control were measured separately, allowing angel investors to respond with any mix of the two approaches. Each investor could rate their predictive and control-based emphasis independently. Empirically, they are negatively correlated with each other, suggesting a moderate tendency toward one dominant approach over the other. The scores for these measures were calculated as the sum of a respondent's responses (1 through 7) for each item divided by the total possible score (42 for the 6 prediction items, and 56 for the 8 control items).
Dependent variables
Investment Size is simply the total dollars the investor invested, divided by the number of ventures into which that money was invested. This measure is based on all investments, not just on exited investments.
We measured outcome in terms of internal rates of return as a categorical variable. Having investors report the IRR in categories allows for a margin of error in the details of IRR calculation, but still allows us to evaluate the distribution of an investor's returns. This is in line with the method used in the only other study reporting outcomes for individual angel investors by Mason and Harrison (2002) . The categories run from complete loss, to partial loss, to 0-24% IRR, 25 to 49% IRR, 50 to 99% IRR, and then over 100% IRR. The majority of the exits occurred at the extreme: either total losses or major successes. As a result our models are focused on these areas.
Ideally, every investor would report the amount and date of their cash outflows and inflows for each new venture in which they invest. We could then calculate internal rates of return in great detail. However, several issues make measuring investor performance more challenging. First, not all angel investors formally track their cash inflows and outflows, and second, investments and exits can occur over a large number of years. As a result, gathering detailed investment outlay and income data on the 1038 deals in this sample simply was not possible. Additionally, many of the investments reported by our sample were still active. While 1038 investments were made by 121 investors, 76 of them had experienced exits, with a total of 414 exits thus far. We include only assessments of investments actually exited, since conversations with experts in the field as well as media reports suggest those outcomes are more accurate (as a rule they are more conservative) than estimates of value for ongoing ventures (Grimes, 2002) .
Homerun the number of investment exits where the investor achieved a greater than 100% internal rate of return; 20% of all exits were in this category. Negative IRR the number of investment exits where the investor achieved a negative internal rate of return; 64% of all exits were in this category.
Control variables
We evaluate the effects of the concepts of prediction and control in our models against a baseline model of factors already identified as significant in existing research on new venture investing as a whole. To do this, we created a baseline of factors known to be important from research with formal venture capitalists. This baseline model accounts specifically for the context in which this study takes place -i.e., angel investing -and provides a strong control for evaluating the added value of the ideas developed in this paper. The baseline model includes:
Total venture investments the total number of investments an investor has made, and represents a control for overall activity to standardize the number of exits in each category. Investment experience measured as the number of years over which the respondent has been investing in new ventures. Entrepreneurial experience measured as the number of years over which the respondent worked as an entrepreneur. Seed stage captures the extent to which the respondent concentrates his or her investments in early stages of new venture development. It is measured as the number of a respondent's investments made in seed-stage opportunities rather than the other stages of development. Seed, startup, early growth, late growth, and buyouts are standard stage categories in new venture investing, and are an important decision factor for venture investors (Jain, 2001; Gupta and Sapienza, 1992) . Due diligence captures the extent to which the investor emphasizes upfront research into the venture (Fried and Hisrich, 1994) . Due diligence is measured by the total number of hours the investor spends investigating the entrepreneur's references, the venture's legal position (for example, with regard to patents or pending legal action) and the venture's market prospects, etc. Deals through personal relationships measured as the respondents' report of their number of investments that came from various sources. We measure the number of investments where the investor had a personal relationship with the entrepreneur, either as friends, having previously worked together, or the entrepreneur was referred to the investor through a friend. These personal relationships compare to more professional/pragmatic sources where the entrepreneur was referred to the investor through professional contacts, or the deal resulted from the investor's participation with an investment group (Amis and Stevenson, 2001; Kelly and Hay, 2000) . Prior investors in a new venture provide additional support and insight into the potential of the venture (Lerner, 1994) .
Investors vary in the extent to which they go in on their own or with other investors involved. This is measured as the number of a respondent's investments in which there were other investors prior to that investment. Total number of hours an investor spends conducting due diligence prior to making an investment Personal relationships
Number of an investor's deals that were found from personal relationships Prior investors Number of investments in which there were investors prior to the angel investor's involvement Participation Number of hours per week spent with ventures in which the investor has already invested Prediction Their emphasis on predictive efforts in response to the venture development scenario Control Their emphasis on control efforts in response to the venture development scenario Exits with negative IRR Number of investor's investments that exited at less than 0% IRR Exits with over 100% IRR Number of investor's investments that exited at a return of N100% IRR Investment size Mean dollar amount of an angel investor's investments in new ventures Participation, post-investment enables investors to potentially add value to a venture beyond just their cash infusion (Gompers and Lerner, 2001; Boeker and Wiltbank, 2005) . This is measured as the number of hours they spend each week with ventures in which they've invested. Tables 1 and 2 show definitions, descriptive statistics, and correlations for the measures. Table 3 details the analysis of investment size. Regression models in Table 4 show the standardized coefficients and significance levels for the baseline model along with the effects for prediction on control of angel investment outcomes.
Results
The measures used in the models are predominantly sums of the number of investments made in various categories. As a result, more active investors will as a rule have higher responses for each of the measures. To standardize these sums, the total number of an investor's investments is included in the models as a control. Table 3 shows effects of emphasizing prediction and control on size of angel investments. Model 1 shows a set of baseline factors that were found to be significant factors in investment size. The number of investments is significantly related to making larger angel investments (p = 0.00), an indicator of some survival bias. Investor experience is moderately related to making larger angel investments (p = 0.08), while the years of experience as an entrepreneur was negatively related (p = 0.03). An emphasis on earlier stage investments was negatively related (p = 0.09) to investment size, as one would expect, as deal sizes tend to be smaller when ventures are younger and less developed. Due diligence was significantly and positively related to investment size, where more due diligence is performed when more money is being put into the company. Personal relationships, prior investors, and participation (elements of the baseline model in Table 4 ) were omitted as they were not significantly related to investment size.
Investment size
Model 2 shows the addition of the prediction and control variables to the model, which significantly increases the explanatory power of the model (p = 0.06). Hypothesis 1 argued that investors with a greater emphasis on control will make smaller investments than investors with a low emphasis on control, based on their use of affordable loss decisionmaking and commitment to means more than to current goals. Hypothesis 2 expected that investors who emphasize prediction would make larger investments than investors with a low emphasis on prediction, leading to larger losses when they fail. We find that investors who emphasize prediction demonstrate a tendency to make significantly (p = 0.02) larger angel investments, in support of H2. An emphasis on control, however, is unrelated to investment size, leaving H1 unsupported. Ad hoc analysis shows that angel investors, who are above the sample mean in their emphasis on prediction, make angel investments that are twice as large as investors who are below the sample mean on our measure of prediction. Table 4 shows regression analysis relating a baseline model and then prediction and control to the outcomes experienced by these angel investors. Model 1 shows the effects for activity, experience (both investing and entrepreneurial) and a broad set of variables that have been shown to be important in existing research on new venture investing. In this baseline model, only due diligence has a significant effect (p = 0.06) on exits over 100% IRR, increasing the extent to which an investor experiences major successes. Angel investors that make more of their investments in the seed stage, rather than at startup and later stages, actually experienced significantly fewer negative exits (p = 0.04), which is somewhat surprising as the earlier stage of investing is normally considered to be at the greatest risk of failure.
Investors outcomes
In the Whole model, we show the results of relating prediction and control to the investor outcomes. Hypothesis 3 argued that angel investors with a greater control emphasis will experience fewer investment failures. This hypothesis is supported in Table 4 , where a control emphasis is significantly (p = 0.04) and negatively related to negative exits.
Hypothesis 4 related an investor's emphasis on prediction to experiencing more failures, and, in Hypothesis 5, to experiencing more "homeruns." Because of the challenges to prediction in early stage new ventures, an emphasis on prediction was expected to result in more frequent failures, but when predictions are on target, the venture should be well positioned for very successful exits rather than small successes. In Table 4 , a prediction emphasis is not significantly related to exited outcomes in either direction, leaving Hypotheses 4 and 5 unsupported.
As shown in Table 4 , prediction and control significantly (p = 0.02) increased adjusted R 2 for the model of negative exits, from 0.37 to 0.43 adjusted R 2 . This was primarily due to the addition of the measure of control. The homerun model was not impacted by the addition of prediction or control, and the variable which explains the most variance around homeruns is simply the number of investments, providing some evidence of an experience effect on homeruns in angel investing.
The robustness of these findings was tested in a number of ways, primarily through tests for collinearity and confirming the findings in split samples. None of the tolerance statistics were smaller than 0.5, where 0.2 is the general threshold for concern, and the relationships of the variables to the dependent variables were stable through stepwise regressions. Additionally, the results of the models are stable across sub-samples of the overall sample. We ran models that included only investors who had made 3 or more exits and then only investors who had 7 years or more of experience to ensure that the effects weren't simply resulting from the extreme ends of the distribution of investors, and also split the sample in two by even and odd number records to rule out spurious relationships.
Discussion
Through this research, we have begun to understand the differential use of prediction and control strategies by angel investors to deal with the uncertainty involved in selecting and developing new ventures. The primary results suggest that angel investors who emphasize control experience fewer investment failures without experiencing fewer homeruns. The direct relationship of prediction to outcomes was not supported in this study. While there could be several explanations for this result, one theoretically intriguing possibility is that the uncertainty in angel investing may undermine the effectiveness of predictive approaches.
But why is an emphasis on control at all related to favorable outcomes? Under Knightian uncertainty, why not simply use some kind of ad hoc decision-making (Winter, 2004) or intuition (Mitchell et al., 2005) ? While people do use these strategies, perhaps in tandem with control-based strategies, evidence from psychology in support of a desire for control is quite strong (Goodie, 2003; March and Shapira, 1987; Shapira, 1995) . Given the human penchant for seeking control, and the entrepreneurial expertise of angel investors, it appears that the occurrence of failure can be directly impacted by the approach of venture leaders, in this case angel investors.
Our results also contribute to one ongoing debate in the literature about the efficacy of using real options in the newventure setting. While McGrath (1999 , McGrath et al., 2004 has argued in favor of this approach, Adner and Levinthal (2004) have critiqued it, suggesting that:
A prominent characteristic of strategically interesting settings is that, having made an initial investment, firms can actively engage in follow-on activities that can influence outcomes and identify new possible actions and goals. While in established real options theory there is recognition that the option to make or forego follow-on investments is a source of value and that prior stage-setting investments may be a precondition for the exercise of these options, there is an assumption that the nature and quality of options are independent of the firms' interim activities. The implicit imagery is of a firm "buying a ticket" to engage in some pre-specified opportunity set, thus ignoring the potential for the firm to mold and enhance initiatives, learn about new opportunities, and discover new possible initiatives not conceived of at the time of the initial investment (Adner and Levinthal, 2004:120) .
The results of our study offer some support for this critique. Effectual logic is about molding and enhancing initiatives, formulating new goals and creating new opportunities, rather than positioning oneself within environments largely outside one's control or taking opportunities as exogenously given. The results of this study provide empirical evidence in support of the arguments in the theory of effectuation, specifically, that efforts anchored on existing means, using the principles of affordable loss, pre-committed partnerships, and leveraging surprise, can provide useful benefits under uncertainty.
In addition to support for and against particular theoretical streams of interest to scholars, the results of the current study have some practical implications. First, they question the usefulness and value of current emphases on predictive approaches in entrepreneurship courses that are built around formal business plans and standard analytical techniques. Instead, both potential entrepreneurs and those in the pre-angel phase may benefit from a focus on non-predictive control strategies such as affordable loss and means-based opportunity creation. Second, venture capitalists and corporate venturing managers may want to reconsider some of their predictive strategies and complement or modify them with specific consideration of control-based approaches. Given the structure and process of their decision-making apparatus, this may require them to experiment with "effectual cells" within which they incubate new ventures and bring to bear a more predictive approach at key inflexion points as the new market begins to coalesce around a new venture.
The notion of "effectual cells" within more predictive organizations suggests an important avenue for future research into control-based decision-making. The current study has spotlighted the intriguing possibility that angel investors can limit their downside failures through a control-based approach, a risk-reducing move, without inherently capping their potential returns from homerun exits (Bowman, 1980; Ruefli et al., 1999) . This suggests the possibility of exploring decision strategies that affect success and failure distinctly rather than in the amalgamated category "performance." In turn, this suggests research into topics such as the performance consequences of matching managers with particular talent in control-based strategies to different types of opportunities than managers with particular talent in prediction-based approaches, or investigating how the probability of hitting homeruns can be improved independent of the size of investments made.
This study also has implications for the practice of angel investing. The relationships between prediction, control and outcomes reported in this study suggest reconsidering the application of formal venture capital and traditional finance practices as the 'best practice' model to which angel investors should aspire. This perspective relates directly to common dilemmas faced by angel investors. For example, should an angel investor be more diversified or hold more capital in reserve (dry powder)? Is an angel investor better off investing in deals that are pursuing a small piece of a fastgrowing market, or in deals where the market seems smaller but the firm potentially has some influence over the evolution of elements of the market? It is not clear that using best practices from research with formal venture capital investors is the obvious choice for angel investor success. It may be effective for angel investors to more deliberately bring their entrepreneurial expertise to bear on the challenges they face in angel investing.
Another finding of this study is that emphasizing prediction is significantly related to angel investors making larger investments. This is important in the consideration of decision formality at existing large companies in which prediction plays a large role. While some managers regard the use of prediction in these decisions to be useful, others question its validity, as prediction is simply not possible at the time new venture investment decisions are typically made. It is important to recognize that the use of prediction has a significant impact on the way investments are pursued. In this study, a more predictive approach involved a more extensive use of capital. Other effects may be discovered in future research. For this reason, the use of predictive approaches to decision-making about new venture investments ought to explicitly consider the effects that emphasizing prediction may have on how each opportunity is pursued, in addition to the impact it has on which opportunity is pursued.
Studying angel investors has also helped connect effectuation to a new decision-making arena beyond entrepreneurs and has empirically demonstrated relationships of control strategies to failure rates and investments size. Much of the existing work on effectuation relates to the existence of the use of effectuation. This paper goes a step further, showing how the use of an effectual process actually affects both behavior and outcomes of decision makers in uncertainty.
Two further empirical aspects of this study are also worth noting. First, this large sample of angel investor data offers an interesting glimpse into the returns of angel investors, their investment practices, and the types of investments they make. Angel investing is an important area for the field of entrepreneurship. As mentioned at the beginning of this paper, many more entrepreneurs deal with angel investors than with formal VCs, yet this is a relatively understudied area because the collection of data is uniquely challenging. The data in this study should be useful to future developments in the collection of more angel investor data.
Additionally, the development of an empirical method for working with ideas from the theory of effectuation on a relatively large scale provides a useful platform on which to explore ongoing questions. How does the use of prediction and control shift as new ventures develop, either over time or size or number of customers, etc? Do venture investors have a preference for investing in opportunities where the entrepreneurs share their approach to using prediction and control? What are the effects of emphasizing control in less uncertain situations? Future studies along these lines may benefit from the scenario design and items employed here.
Limitations
Despite the robustness of the results reported here, as with any study, there are tradeoffs inherent in design choices and the approach to empirical analysis. While most items in this design are not psychometric measures, they are still subject to retrospective and self-selection issues that are often involved in survey methods. We attempt to minimize and control for those effects, but collecting more data in an ongoing fashion is ultimately required to overcome this limitation.
More significantly, data in this study were gathered at the level of the angel investor, rather than the new venture. While this greatly facilitates the collection of data from angel investors, it only assumes and does not directly examine the coherence between the investor and venture in the emphasis on prediction and control, and the consistent use of prediction and control by the investor across ventures. Future research might look directly at the decisions of angel investors and new ventures over time in relation to prediction and control in order to help overcome this limitation.
Finally, as mentioned earlier, measurement of the financial performance of new venture investments poses special challenges. In this study, we used categories of IRR in an attempt to take both the timing of investments as well as cash in and outflows into account. To the extent future researchers are able to acquire data on the actual timing of cash inflows and outflows, the measurement of rates of return could be made more precise.
Conclusion
We set out to exploit the intersection of two research opportunities -namely, (a) the gap in our understanding of the phenomenon of angel investing given its importance to the entrepreneurial creation of new ventures, and (b) the unique setting that angel investing provides for further understanding of strategy under uncertainty. We developed a research instrument that operationalized key elements of effectual -i.e. non-predictive control -logic and tested specific hypotheses relating the use of these strategies to angel investment behavior and performance. The study helps push empirical investigations of effectuation beyond demonstrating its existence in the entrepreneurial setting into the behavior and outcome implications of the logic of non-predictive control. In doing so, the study makes a contribution to constructing a Knightian theory of the entrepreneurial firm.
Appendix A. Scenario instrument. Wearable computing business situation
Please use your imagination, put yourself in the context of the scenario, and answer each question as if you were CEO:
During your 12-year tenure as an engineer at a major computer manufacturer, you work on your own time to invent a computer device that recognizes and responds to eye movements. You imagine it might make a great alternative to the computer mouse. You can make it rest on the user's head much like headphones and set it up so that point-and-click navigation is accomplished with even the most minor head and eye movements. You are convinced that there is a huge potential for change in the way things are currently done. But when you attempt to interest your current company in licensing the idea from you, they are uninterested. There are no firms currently offering anything close to this, and you possess all the technical skills to create the product effectively and efficiently. You quit your job to further develop this idea.
